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40
41
42

Symbol Description Formula
pbm Proportion of Campylobacter bloody diarrhea enteric

infections seeking medical care
Beta distribution based
on data

pnm Proportion of Campylobacter non-bloody diarrhea enteric
infections seeking medical care

Beta distribution based
on data

pbc Proportion of enteric bloody diarrhea infections seeking care
who are requested to supply stool sample and comply

Composite distribution
based on data

pnc Proportion of enteric non-bloody diarrhea infections seeking
care who are requested to supply stool sample and comply

Beta distribution based
on data

pt Proportion of submitted stool specimens that are tested by the
laboratory

Beta distribution based
on data

p+ Proportion of infected stool specimens that test positive Beta distribution based
on data

N2i Estimate of expected number of people in U.S. population ill
with invasive disease Campylobacter in year

=N1i

N2eb Estimate of expected number of people in U.S. population ill
with enteric Campylobacter infection and bloody diarrhea  in
year

=N1eb/(pbm*pbc*pt*p+)

N2en Estimate of expected number of people in U.S. population ill
with enteric Campylobacter infection and non-bloody
diarrhea in year

=N1en/(pnm*pnc*pt*p+)

N2T Estimate of expected total number of people in U.S.
population with Campylobacter infection

=N2i+N2eb+N2en

43
44

Parameter estimations45
46

2.1 (pbm, pnm) - Proportion of Campylobacter enteric illnesses seeking medical care47
48

Two estimates were provided for this proportion, one for the probability that a person with enteric illness49
would seek care if they reported blood in their stool  (pbm) and one  (pnm) for non-bloody diarrhea.50

51
The proportion of cases that sought care for “diarrheal illness” is based upon a 1996-7 population survey52
of 9,003 persons. The people interviewed were from the general population of the five original FoodNet53
sites (selected counties in California, Connecticut, and Georgia and the states of Minnesota and Oregon),54
representing 5% of the U.S. population (17, 35). The survey was conducted for the entire year.55
Approximately 150 persons per site were interviewed per month. People were randomly selected using a56
random digit dialing, single stage, Genesys-ID sampling method and were interviewed using methods57
similar to those used in the Behavioral Risk Factor Surveillance System.  Cases excluded from the survey58
included persons with chronic illness, colitis, prior surgery to remove part of their stomach or intestine59
and irritable bowel syndrome (n=379); resulting in a total number of 8,624 usable interviews. Of the 8,62460
usable interviews, 483 individuals reported having a “diarrheal illness,” defined as three or more loose61
stools within a 24-hour period, or diarrhea lasting for more than one day or which resulted in an inability62
to perform normal activities and reported no visible blood in their diarrhea.  Of those 483 cases with a63
diarrheal illness and non-bloody stools, 12%, a weighted estimate (59/483), sought care (97).  The64
estimate was adjusted to account for unequal probabilities of selection to allow population estimates to be65
made. Factors that affected selection probabilities included the number of people in a household, and66
number of phone lines in a house. Age and sex were also weighted, creating an “external weight” so that67
the sample population resembled that of the U. S.68
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69
70

Non-bloody Diarrhea (pnm)71
Because a confidence interval was not available for the estimate, uncertainty about the parameter was72
modeled using a Beta distribution as follows:73

74
pnm = Beta(483*0.12+1, 483*(1-0.12)+1)75

76
Although this gives a confidence interval estimate that should be quite reasonable with a large sample77
size, it will nevertheless underestimate the parameter uncertainty to some degree.78

79
80

Bloody Diarrhea (pbm)81
The same population survey identified 4 people who reported bloody diarrhea. Of the four persons with82
bloody diarrhea, two sought care and an adjusted estimate of 15% for pbm was given (97).   Uncertainty83
about the parameter was modeled using a Beta distribution as follows:84

85
pbm = Beta(4*0.15+1, 4*(1-0.15)+1)86

87
This distribution has a very wide spread with a mean of 26.7%.88

89
Invasive Disease90
No information is available to estimate this parameter, see Section 1.3. It was assumed that, due to the91
severity of illness, 100% of people with invasive Campylobacter illness sought care.92

93
DISCUSSION: These estimates are for diarrheal illness, and not campylobacteriosis specifically. Data for94
campylobacteriosis specifically was not available. Bacterial foodborne disease is typically more severe95
than viral foodborne disease (28) and rates of seeking care may differ by pathogen.96

97
In the population survey, factors that were most important in influencing the decision to seek care were98
fever, vomiting, “how sick they felt,” stomach cramps, reporting blood in stool and duration of diarrhea99
(35). Some of these factors were evaluated for diarrheal illness in the telephone survey and compared with100
the same characteristics in individuals who had culture-confirmed Campylobacter infections or diarrheal101
disease (Table 2.1). Comparing the groups, a greater proportion of people with culture-confirmed102
Campylobacter cases were affected by fever and blood in the stool than the people seeking care for103
diarrheal illness. Therefore, the actual rate of seeking care for campylobacteriosis may be underestimated104
by the 12% overall rate (12% non-bloody and 26.7% bloody stools). However, because a greater105
proportion of people with fever and bloody stools would be cultured and enrolled in the case control study,106
such comparisons are difficult.107

108
ASSUMPTION(s): The rate at which people reporting bloody stools seek care is similar to the rate at109
which people with campylobacteriosis reporting bloody stools seek care. The rate at which people with110
non-bloody stools seek care for diarrheal illness is similar to the rate at which people with111
campylobacteriosis reporting non-bloody stools seek care.112

113
DATA GAP: Additional studies to define the rate at which people with campylobacteriosis seek care114
would be helpful and would provide a more accurate estimate. These data would require very large115
community-based surveys that are likely to require considerable resources to conduct.116
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117
Table 2.1. Comparison of characteristics of illness most important in seeking care between the telephone118
population survey of all diarrheal illness (35) and culture confirmed campylobacteriosis and a survey of119
diarrheal disease120

Characteristic Diarrheal Illness
Seeking Care & Submitted

Cultures – 1997a

Culture-confirmed
Campylobacter Cases

1998b (CCCC)

CCCC

1980-1c

Sample size 16 1461 239
Fever 32% 83% 74%
Vomiting 26% 30% 38%
Stomach Cramps 68% 86% 79%
Blood in stool 6% 46% 46%

aPopulation Survey,(Ref. 1, Table 3)121
bCampylobacter Case Control Study (Ref. 97)122
cSurvey conducted in eight hospitals in the National Nosocomial Infections Study (Ref. 14, Table 2).123

124
2.2 (pbc, pnc) - Proportion of enteric bloody and non-bloody diarrhea infections seeking care who are125
requested to supply stool sample and comply126

127
Two estimates were provided for this proportion, equivalent to the probability that a person with an128
enteric illness would be requested to submit a stool sample and comply, if they reported visible blood (pbc)129
or not (pnc) in their stool.130

131
The probability that a specimen was requested and submitted was determined from the same population132
survey of the five FoodNet sites as listed in Section 2.1 for non-bloody diarrhea. For bloody diarrhea, the133
sample size in the population survey was not sufficiently large to provide an estimate and a survey of134
physicians estimating the frequency of their requests for a specimen was used instead (34,  91). The135
physicians’ survey was conducted in 1996, based upon a stratified random mail survey of 2,939 (58%)136
physicians returning surveys out of 5074 mailed, from the FoodNet catchment area. Data was collected on137
the physician’s practice, and the characteristics of the last patient with diarrhea seen by the physician.138
Data from 1,752 practitioners that saw patients for more than 8 hours per week were analyzed (34).139

140
Non-Bloody Diarrhea (pnc)141
From the CDC population survey that identified 59 people reporting non-bloody diarrhea that were142
requested to submit and did submit a stool sample for culture, CDC provided an adjusted estimate of143
18.1% for pnc.  The unweighted estimate was 14/59 or 23.7% (97). The estimate was adjusted to account144
for the number of people in a household, number of phone lines in a house, see Section 2.1.145

146
Confidence intervals were not available with the weighted estimates and in the absence of confidence147
intervals, uncertainty about the parameter was modelled using a Beta distribution as follows:148

149
pnc = Beta(59*0.181+1, 59*(1-0.181)+1)150

151
Again, although this gives a confidence interval estimate that should be quite reasonable when we have a152
large sample size, it will nevertheless underestimate the parameter uncertainty because we have implicitly153
evened out the uncertainty over all of the weighted categories.154

155
Bloody Diarrhea (pbc)156
In the population survey, the proportion of persons with a diarrheal illness that reported blood in their157
stools were requested to submit a stool sample and did submit was 100% (adjusted estimate based on158
2/2)(97). The rate of seeking care and the rate of ordering cultures are thought to be higher among cases159
reporting bloody diarrhea than they are among cases reporting non-bloody diarrhea.  However, there were160
only 4 cases identified as having bloody diarrhea in the telephone survey so this hypothesis could not be161
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confirmed.  Two of the four sought care and both were requested and did submit cultures.  While these162
results are consistent with the hypothesis that persons reporting bloody diarrhea are more likely to seek163
care and submit samples, the sample is not large enough to reach that conclusion.164

165
In the physician survey 78% (14/18) of the 18 physicians reported requesting a bacterial stool culture from166
a patient with a bloody stool (34)1. Factors significantly associated with stool culture requests as167
determined from multivariable logistic regression were the presence of bloody stools, diagnosis of AIDS,168
diarrhea longer than three days, travel to developing countries and fever.169

170
The physician’s survey responses indicated that physicians report a higher rate of requesting cultures for171
persons with non-bloody stools (40%) (34), than the population survey rate of patients reporting being172
requested to submit a specimen (18.1%) (35).  The sample size in the population survey was not173
sufficiently large to provide a reliable estimate of the rate of being requested to submit and complying for174
cases with observable blood in the stool.   A uniform distribution was used to model this parameter in175
recognition of the small amount and conflicting nature of the available data.  The upper limit of the176
uniform distribution was the proportion of patients with observable blood in their stools from whom177
physicians reported requesting samples, 79%.  The lower bound of the uniform distribution adjusts for178
possible physician over-reporting.  The adjustment used reduces the estimated proportion by multiplying179
the upper bound by the ratio of patient to doctor reporting of stool sample requests among cases with non-180
bloody stools (18.1%/40% is the point estimate of the ratio).  In the confidence distribution, 18.1% was181
replaced by its modelled value pnc.  It was assumed that 100% of persons reporting observable blood in182
their diarrhea who were asked to submit a stool specimen would have complied.  Thus, the proportion of183
persons reporting observable blood in their diarrhea, who were requested to submit and complied, is the184
same as the proportion of persons who were requested to submit.185

186
In summary, pbc was modelled with a Uniform((pnc/0.40)*x), x) confidence distribution, where x =187
Beta(14+1, 18-14+1).188

189
Invasive Disease190
There is no information on the rate of physician requests for diagnostic testing or rate of sample191
submission for cases of invasive disease caused by Campylobacter, see Section 1.3. In this assessment, we192
have assumed a rate of 100%.193

194
ASSUMPTION: The probability that a stool specimen was requested among people with diarrheal illness195
reporting bloody stools is similar to the probability that a stool specimen was requested among people with196
campylobacteriosis reporting bloody stools. The probability that a stool specimen was requested among197
people with diarrheal illness reporting non-bloody stools is similar to the probability that a stool specimen198
was requested among people with campylobacteriosis reporting non-bloody stools.199

200
ASSUMPTION: Over-reporting by physicians of the proportion of persons with bloody diarrhea that are201
requested to submit stool specimens, compared to the proportion of stool requests reported from the202
persons with bloody diarrhea, is similar to physician over-reporting for persons without observable blood203
in their stools.204

205
2.3 (pt) - Proportion of submitted stool specimens that are tested for Campylobacter by the laboratory206

207
Non-Bloody Stool and Bloody Stool208
In a survey of 309 laboratories in the five original FoodNet sites (CA, CT, GA, MN, OR, population209
14,281,096 million persons), 389,255 stools were submitted during 1996. In the laboratories surveyed,210

                                                       
1 Further study of this work has shown that there are more data points than we have used here. The larger data set will be used in the final
report. It will have little impact on the results except to slightly decrease model output uncertainty.
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367, 846 (94.5%) of submitted stool specimens were tested for Campylobacter (89). This laboratory211
survey will be repeated in 1999.212

213
Thus, this parameter was modelled using a Beta(367846+1, 389255-367846+1) distribution which is214
essentially a single point estimate of 94.5% because of the very large data set.215

216
Invasive Disease217
No information is available for an estimate, see Section 1.3. The proportion is assumed to be 100% for218
invasive disease.219

220
2.4 (p+) - Proportion of infected stool specimens that test positive if the organism is present, test sensitivity221

222
The problems with the lack of sensitivity of stool culture are two-fold. First, stool culture techniques lack223
sensitivity as Campylobacter are fastidious microaerophillic organisms that, when exposed to oxygen or224
other stress, may enter a non-culturable state. Secondly, sensitivity of stool culture is limited by the225
amount of Campylobacter present in the stool. Finally, handling of the specimen is important and226
contributes to the lack of sensitivity of culture of Campylobacter.  Sub-optimal specimen handling and227
storage may allow competitive growth by other bacteria or result in low numbers of Campylobacter in the228
stool that could reduce the likelihood that Campylobacter will be identified during culture. In addition,229
there are no standardized methods for isolation of Campylobacter and the increased costs associated with230
enrichment procedures and utilization of highly selective media that would improve isolation discourages231
their routine use.232

233
In an outbreak at a camp in New Zealand of Campylobacter enteritis, in 1990, associated with exposure to234
spring water, of 116 persons attending or resident at the camp, 44 showed clinical symptoms. Of the 44235
clinical cases, 14 showing signs of enteric disease submitted stools for culture. Of the 14 specimens236
submitted from clinically affected individuals only 11 (78.6%) cultured positive for Campylobacter (18a).237
Serology was not conducted to determine if rising titers of immunoglobulins were evident in persons ill238
and culture negative to determine if they may have been exposed to the pathogen.239

240
Because another, U.S. related, estimate of the sensitivity of stool culture was not available and to assess241
whether this estimate was a close approximation to the true value for the sensitivity of stool culture, Dr.242
Fred Angulo, the from CDC and Dr. Irving Nachamkin,  from the University of Pennsylvania Medical243
Center, were surveyed for their expert opinions of the sensitivity of stool culture for Campylobacter. Their244
estimates of 70% and 75%, respectively were close to the mean value of the parameter modelled.245

246
DISCUSSION: There is little information on the sensitivity of stool culture methods and the methods for247
culturing stools are extremely diverse. Specimen handling is another factor that can greatly decrease the248
sensitivity of stool culture methods. In a review of non-typhoidal salmonellosis, an assumed estimate of249
the sensitivity of culturing Salmonella was 70% and was used to estimate the burden of salmonellosis in250
the U. S. (91). This estimate was adopted for determining the burden of campylobacteriosis in a recent251
review of foodborne disease (51).252

253
DATA GAP: Incomplete knowledge of the sensitivity of culturing specimens for Campylobacter exists254
and an estimate with a large degree of uncertainty was used from the literature.  A study to estimate the255
sensitivity of stool culture as commonly practiced in labs testing stool for Campylobacter would provide a256
more precise estimate.257

258
Thus, this parameter was modelled using a Beta (11+1,14-11+1) distribution.259

260
2.5 (N2eb, N2en, N2i) - Estimate of expected number of people in U.S. population ill with enteric261
Campylobacter infection and bloody and non-bloody diarrhea and with invasive disease Campylobacter in262
year in population263
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264
Calculation of the estimate of illness caused by Campylobacter in the U.S. population is done by265
combining the results determined by category of disease, enteric without observable blood in stools,266
enteric with observable bloody stools and invasive disease.267

268
(N2eb, N2en):  The estimates of illness caused by Campylobacter in the U.S. population by category of269
disease, enteric with observable bloody stools and enteric without observable blood in stools are calculated270
as follows:271

272
N2eb = N1eb/(pbm*pbc*pt*p+)273
N2en = N1en/(pnm*pnc*pt*p+)274

275
(N2i): The estimate of expected number of people in U.S. population ill with invasive disease caused by276
Campylobacter in a year is determined as equal to N1i. This assumes that, due to the severity of the277
illness, all invasive cases of campylobacteriosis would seek care and provide a stool sample.278

279
280

Section 2 Summary281
282
283

The expected total number of cases of campylobacteriosis is then estimated as N2T = N2i + N2en + N2eb.284
The estimate for 1998 using this model is given in Figures 2.1a and Figure 2.1b.  It shows that we are285
90% confident that the true value lies between 1.3 and 4.3 million. The mean value of the distribution is286
2.48 million cases and the median is 2.16 million cases.  Relative contributions of the various components287
of the model to the model uncertainty will be presented in Section 5, Sensitivity Analysis.288
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289
Figure 2.1a. The confidence distribution (distribution of uncertainty) for the total number of cases of290
campylobacteriosis in the U.S. for 1998.291
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295

Figure 2.1b. The cumulative confidence distribution for the total number of cases of campylobacteriosis in296
the U.S. for 1998. The solid vertical line shows the CDC’s estimate for 1998.297
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